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Abstract 
This essay begins with the accurate observation and analysis of the thermodynamic parameters such as temperature, pressure, wind speed, 
density, moisture content, relative humidity, enthalpy and humidity KaTa degree etc. And the relationship among these figures is pointed 
out. By the calculation of them we acquire the changing rules of Thermodynamic parameters and the distribution of Thermal source. 
According to that we can get the conclusion that the newly exposed rocks and the heat dissipation of fully mechanized coal min ing face’s 
surrounding rocks are mainly heat sources in coalmines. And it gives directions for governance of heat hazard in mines. 
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Nomenclature 
Pb saturated Vapor Pressure (Pa) 
tw wet bulb temperature (ć) 
U density of wet air (kg/m3) 
P atmospheric pressure (Pa) 
t  dry bulb temperature (ć) 
M relative humidity (λ)˗ 
Pb Saturated Vapor Pressure (Pa) 
d moisture content (g/kg Dry air) 
Kw humidity KaTa degree (mcal/s·dm2) 
v airflow rate (m/s) 
tw wet bulb temperature (ć) 
1. Introduction 
With the increase of mining depth and mechanization degrees, heat hazard of deep wells has become one of the major 
problems for safe mining. That’s why the adjustment and improvement of climate conditions in the mine is more important 
than ever in our country. Analysis of high temperature mine thermal damage and simulation study of geothermal 
distribution can provide technical support for the implementation of mine cooling measures. And it has great significance in 
performing treatment of thermal damage and cooling measures reasonably and effectively with low cost. 
Thermal damage is a kind of natural disaster that occurred in the mine when airflow’s temperature, relative humidity, 
wind speed and enthalpy reached one certain statement and led to disability of heat dissipating. The workers feel sultry, 
which lead to low labor productivity. They may have symptoms of heat stroke such as sweating, Fever, dizziness, collapsing, 
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vomiting even unconscious and death. It’s not only leads to low labor productivity and benefit of the mine, but also brings 
danger to workers’ health and safety, makes the mine a dangerous place. In order to analyze the heat and moisture of 
working statement as well as know the size of thermal sources which leads to thermal damage, and provide reliable 
theoretical basis and scientific data to make the most effective measures to deal with thermal damage, we must do accurate 
measurement and analysis of wind thermal parameters as well as its changing rules in tunnels. 
2. Thermal environment distribution in mine 
2.1. Brief introduction of experimental mine 
The coalmine in Zhangshuanglou was built and put to use in December 1986, which has a throughput of 1.2million t/a. It
 used vertical shaft and adit and has three levels of -500m, -750m and -1000m. And the major mining area is in west and eas
t wings in the level of -500~-750m by now. The working surface is arranged as high-grade mining in trend of longwall retre
ating. The system diagram is shown in Fig.1. 
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Fig. 1. Zhangshuanglou Coal Mine Main Ventilation route map 
 
2.2. Calculation of thermodynamic parameters 
x First point Measuring theories, methods and arrangement of measuring points 
Measure the climate (dry temperature, wet temperature, air pressure, wind speed) along the main air inlet and outlet, and 
do statistical analysis based on the field measurement data, then acquire the air temperature distribution of the mine. 
According to the Measurement Scheme of Thermal Climate in Zhangshuanglou Coal Mine, we choose three main routes 
and measure the thermal environment parameters at the same time. And the results are shown in table 2. 
The temperature measurement is holding three times per day on the 5th, 10th, 15th, 20th, 25th and 30th every month. 
And we begin at 7:30 in the morning, 15:30 in the afternoon and 23:30 in the evening. The measurement of wind 
temperature in inlet and outlet, mining area, chambers, mining working surface along the air flow routes in number1, 2 and 
3 area in the east wing, and number 2 area in the west wing. 
x Second point Data processing 
Use the original recorded figures in measuring points to process and analyze the measured data with the help of 
computer’s data processing ability. 
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x Third point Calculation of Relative Humidity M  [4] 
According to wet-bulb depression and the table of Dry bulb temperature we arrived at a conclusion of Relative Humidity. 
x Fourth point Calculation of Moisture Content d 
b
b
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Pd 
 M
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622  (g/kg Dry air)                                                                       (1) 
x Fifth point Saturated Vapor Pressure 
w
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x Sixth point Density of wet air 
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x Seventh point Enthalpy i 
dtdi 5.2)00184.0005.1(  (kJ/kg Dry air)                                                         (4) 
x Kata degree [2] 
kata degree reflected how temperature and wind speed affected the climate, yet it did not show the effect that caused by 
air humidity. In order to reveal the comprehensive influence of all three matters, we need the humidity KaTa degree. The 
kata degree may be measured by Kat graph, but it’s a tricky procedure. That’s why we use these following evaluated models 
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Grading index of humidity KaTa degree as shown in Table 1 
 
Table 1. Grade of humidity KaTa degree 
Kw <5 5̚8 8̚12 12̚16 16̚25 25̚28 28̚31 31̚35 >35 
State Sultry Hot Very hot Very normalNormal Very normal Cooler Cold Very cold 
 
3. Changing regulation of thermodynamic state and analysis of heat and wet sources 
The changing rules of moisture content and relative humidity by the calculation results of their figures in each measuring 
points can be gotten. Then we get to analyze the distribution of wet sources along the wind path and deterioration of 
ambient air. And the calculation results of enthalpy and density leads to changing rules of them too, which set foundation 
for analysis of distributional state of heat sources and thermal pressure. According to the environmental calculations, results 
can be obtained of each tunnels’ environmental variation. Therefore degree of labor comfort can be measured in each 
measuring place. The diagrams of curves of mine’s air thermodynamic parameters are indicated in table 2, 3, and Fig. 2, 3, 4. 
 
Table 2. Data of the observed thermal parameters 
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measure point location level (m) 
Dry bulb 
temperature(ć) 
wet bulb  
temperature(ć) 
air pressure 
(kPa) 
wind speed 
(m/s) 
1 ground 37.6 21.4 20.0 100.53 0.7 
2 shaft bottom -499.7 25.0 24.8 106.69 4.6 
3 -750 Drainage dip -745.0 28.3 27.6 109.26 1.9 
4 -750 main roadway -753.9 28.8 28.6 109.38 1.6 
5 Fully mechanized coal mining face Air inlet of 9113 -758.6 32.4 32.0 109.39 1.7 
6 Fully mechanized coal mining face Return air inlet of 9113 -707.7 34.4 33.8 108.76 1.9 
7 air return way of 9113 -746.2 34.6 34.0 109.51 1.7 
8 railway dip -650.1 32.6 32.2 108.29 1.9 
9 railway dip the track down -497.2 30.0 29.8 106.07 2.6 
10 Air return way in east wing of -260 -259.7 27.8 27.6 101.50 9.2 
11 bottom of air return shaft -259.7 27.4 27.0 101.27 7.2 
 
Table 3.Calculated value of  air thermodynamic parameters 
Measure point Location 
Density 
(kg/m3) 
Saturated vapor 
pressure (kPa) 
Relative humidity 
(%) 
Moisture content 
(g/kg) 
enthalpy 
(kJ/kg) 
Humidity KaTa degree 
(mcal/s·dm2) 
1 ground 1.1790 25.5 88.2 14.2 57.6 12.8 
2 shaft bottom 1.2329 31.6 98.4 18.7 72.7 21.5 
3 -750 Drainage dip 1.2468 38.4 94.7 21.4 83.1 12.2 
4 -750 main roadway 1.2451 39.5 98.5 23.0 87.6 10.3 
5 
Fully mechanized coal mining 
face Air inlet of 9113 
1.2269 48.6 97.2 28.0 104.3 6.1 
6 
Fully mechanized coal mining 
face Return air inlet of 9113 
1.2096 54.3 95.9 31.3 114.8 3.8 
7 air return way of 9113 1.2171 54.9 96.0 31.4 115.4 3.4 
8 railway dip 1.2133 49.1 97.2 28.7 106.2 6.0 
9 railway dip the track down 1.2008 42.4 98.5 25.5 95.3 10.2 
10 
Air return way in east wing of -
260 
1.1589 37.3 98.5 23.4 87.5 20.6 
11 bottom of air return shaft 1.1584 36.4 97.0 22.5 84.9 20.3 
 
According to Fig. 2, 3 and 4, the changing rules of air temperature, enthalpy, and moisture content, relative humidity, 
density and humidity KaTa degree in the pit. And it can be divided into 4 sectors. 
The first sector: measuring point number 1~2, it’s the area of wind flows from ground to the shaft bottom. In spite of the 
big change of air pressure, the Dry bulb temperature has gone up 3.6 points.  Enthalpy and moisture content has also 
increased. The reason for these is that the temperature is higher above the ground, pressure ventilation pipe and drainpipe 
that lay in the Auxiliary shaft has a heating effect on wind. The compression air releases equal heat as the reduction of 
potential energy. If the heat exchange between air and wall rocks doesn’t take into consideration, then every 100m of 
extension of pitshaft is accompanied with 1Υ’s growth in air temperature. The reason is that wall rocks in pitshaft have 
long ventilation, and then its gas ket has larger limits, a higher surface temperature yet which is still lower than air 
temperature. So the released heat is absorbed by wall rocks. That is why air flows from ground to the shaft bottom and 
traveled  m with Dry bulb temperature raised only 3.6ć. Meanwhile there is water evaporation in spray part of the 
pitshaft, so the moisture content increases, as well as the relative humidity. Because of the air flowing drops, speed down, 
the work environment turns from cold to normal.  So, heat sources of this sector are air temperature in the ground, heat 
released by air compression and heat radiation of pipeline. 
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Fig. 4.Different figures of humidity KaTa degree along the pathway 
  
The second sector: measuring points number 2~5, are known as from shaft bottom to main roadway of -750m by outfall 
of -750m. Air temperature and moisture content are going up slowly, with enthalpy rising rapidly and density of airflow 
decreasing slowly. The main reasons are that the exposing time of these tunnels is much longer, and the wall rocks radiating 
a lot of heat. Expect for higher temperature of gushing water than air, the pressure ventilation pipes and drainpipes heat the 
air too. Some ponding water evaporates into the air and returns energies to it in the form of latent heat. So enthalpy of air 
increases rapidly and moisture increases too. The work environment maintains in the state of normal and a little hot and is 
considered as a fairly good one. 
The third sector: known as measuring points number 5~8, which is actually the air flows from Air inlet of 9113 to air 
return way of 9113 by Fully mechanized coal mining face of 9113. Wall rocks of this section have a relatively long time’s 
exposure. Air temperature, enthalpy and moisture content remain in upper grade while relative humidity and density of air 
remain basically unchanged and air flow comes through a hotter and wetter state with a rise of enthalpy. And the working 
environment experienced a hot state and one in oppressive heat and then a hot one again. It has been deteriorating. And 
causes of it include these following ones. 
x The acting surface is a newly exposed one, it’s also in the area of thermal damage, and the temperature difference 
between wall rocks and wind is bigger, heat radiation turns out more. It’s about 65% of the total heat loss. 
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Fig. 2. Air density variation diagram 
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Fig. 3. Different figures air thermodynamic parameters along the pathway 
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x The acting surface concludes much more workers as well as mechanical and electrical facilities; the heat radiation 
cannot be ignored. 
x The contact surface between coal and air, floating coal in Goaf could oxidate and release a lot of heat. 
x The acting surface has more spray and watering such as water spray for falling dust, water for coal winning machine, 
and the top and bottom aquifer’s gushing water. These wet sources evaporate a lot in a high wind temperature, which 
leads to a bigger moisture content, and more latent heat in airflow. That’s why acting surface is considered as the 
main segment in treatment of thermal damage in high temperature mines. 
The fourth sector: measuring points number 8~11, includes airflow from down the track to bottom of air return shaft by 
air return way in east wing of -260m. In this sector, air temperature, enthalpy and moisture content decline gradually. 
Density of air remains basically unchanged, and relative humidity rise continually to saturation after passes the fully 
mechanized coal mining face. The airflow goes through a procedure of temperature rise, humidification and enthalpy rise. 
The working environment converts hot to normal, and it is improved too. The main reasons are the wall rocks have a low 
temperature in down tracks and return air roadway in east wing, -260m, and the temperature of backflow in other locations 
is low too. 
4. Conclusion 
First point, the observation in main areas with the help of dry and wet bulb thermometer, barograph and anemometer, and 
the calculation of thermodynamic parameter values in computer, we could acquire the mathematic models of different kinds 
of thermodynamic parameters and the relationship among them. 
Second point, the observation of thermodynamic parameters such as Dry bulb temperature, wet bulb temperature, air 
pressure, moisture content, enthalpy and humidity KaTa degree in the mine as well as regression analysis of thermal 
environment underneath, we also mastered the changing rules of tunnel wind’s thermodynamic parameters in the mine. We 
also studied characteristics and regularities of heat sources in mine, which set a great foundation for the domination of 
climate conditions underneath and preparation for further study. 
Third point, according to the analysis of thermodynamic parameters in different areas, the result shows that from the 
ground to the return air shaft by the mining surface: 
The major heat source turns out to be high temperature Air inlet from the ground, heat that comes from wind 
compression in pitshaft, heat radiation in various parts such as pressure ventilation pipe, drain-pipe, and high temperature 
gushing water, wall rocks with little exposure time, acting surface and electromechanical facilities. 
The major moisture source concludes splashed wet in pitshaft, high temperature gushing water and water spray for 
falling dust. 
The cardinal heat source is heat radiation of newly exposed wall rocks. And fully mechanized coal mining face 9113’s 
wall rock turns out to be the most important part. 
The conclusion is that fully mechanized coal mining face has the most severe environment, and it’s the main segment in 
treatment of thermal damage in coalmines.  
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